cus at natural food concentrations. In the Pacific Ocean off La Jolla chain-forming diatoms and dinoflagellates are represented in most of the phytoplankton populations. In the waters off La Jolla Chaetoeeros curvisetus is oflcen one of the dominating phytoplankton species; Skeletonema costatum occurs frequently, while Lauderia borealis is less common. As we were unable to culture members of the dominant dinoflagellate genus Peridinium, Gymnodinium splendens, which occurs mostly in sporadic blooms, was chosen.
These four species were offered in continuous cultures at different concentrations to C. helgolandicus throughout its entire development, in order to evaluate their influence on (1) the length of the period from hatching to adulthood (days), (2) mortality (during the same period), (3) size of adult females and (4) sex ratio. Furthermore the fecundity of C. helgolandicus females, raised and fertilized in the laboratory, was compared with that of spermatophore carrying females caught in the ocean.
MATERIAL AND METHODS
Fertilized Calanus helgolandicus females were collected 3 to 5 km offshore from Scripps Institution of Oceanography, La Jolla. They were kept at 150 C in 1000 mlbeakers filled with filtered seawater and were fed the diatom Lauderia borealis. The beakers were checked at least once per day and the eggs laid transferred to separate beakers. The chain-forming diatoms Chaetoceros curvisetus, Skeletonema costatum, Lauderia borealis and the unarmoured dinoflagellate Gymnodinium splendens were offeted separately at concentrations ranging from 28 #g to 800 #g organic C/1. These algae were grown at 150 C in 2800 ml Fernbach-flasks filled with 1300 ml of filtered seawater and exposed to a light-dark cycle of 14 h light and 10 h darkness. The algae always grew in double filtered seawater (0.8 ~/Millipore filter) to which nutrients of a certain concentration were added (FCRG-Medium at half strength: Univ. of California, Inst. Marine Resources, 1969. Research on the marine food chain; progr, rep., G.-A. PAFFENHbFER July 1968-June 1969. Pt I. Introduction and account of work in progress, pp. 36-40. Unpubl. M. S., IMR Ref. 69-9) . When fed to Calanus helgolandicus, these algal cultures were between 4 and 12 days old except G. splendens which needed longer periods to reach equivalent cell densities.
The cell diameter of Chaetoceros curvisetus was between 5 and 10/~, of Skeletonerna costatum between 5 and 8 #, and of Lauderia borealis between 19 and 22 #. The maximum width of a Gymnodinium splendens cell was 60 #.
The rearing experiments were carried out in beakers and jars which had a volume of 3000 ml (nauplii), 4000 ml (nauplii and copepodites stage I) and 8000 ml (copepodites stage II to adults). To keep the algae in even suspension, a new method was used: each jar was mounted on a frame attached to an universal joint. Below frame • and jar an electric motor was mounted which caused the rotation of the apparatus at a speed of 2.0 r.p.m. (Fig. 1) . Samples taken from different locations in the jars showed that the algae were evenly distributed. Only Gymnodinium splendens aggregated to some extent close to the surface during the light period. Calanus helgolandicus (nauplii, copepodites and adults) moved slowly in the jars and were almost always evenly distributed. They were exposed to 12 h light and 12 h darkness. This cultivation method exhibited several advantages for the copepods: In unagitated water where algae and fecal pellets settled fast on the bottom of the beaker the extremities (legs and antennae) of the nauplii and early copepodites were o~en clogged with algae or fecal material which then caused high mortalities. In the rotating cultures the extremities of any stage were never clogged. Furthermore, the setae and antennae were almost never broken or damaged. The moving water prevented the nauplii from being caught on, or attached to, the surface film of the water (CoR-KETT 1967) . Additionally, the fecal pellets always aggregated to a heap at the center of the bottom. Therefore the animals encountered, while feeding, almost no fecal material. The slight water movement may also have helped to maintain a constantly high oxygen content in the seawater.
Measurements of the food concentration were done 1 to 4 times per day using a The culture medium (seawater of 34 0/o0 S), filtered through a 0.8 /~ Millipore filter, was renewed every 3 to 6 days.
RESULTS
Observations started within hours a~er hatching and ended when 50 0/0 of the surviving copepods had reached adulthood. Employing this 50 °/o ~value appeared to be useful because a few of the copepodites usually showed rather long delays in reaching the adult stage.
Length
of the period from hatching to adulthood Figure 2 shows the influence of food concentration and food quality on the length of the period from hatching to adulthood. Each point represents a single Table 2 Average food concentrations in #3 algae/1 in relation to carbon concentration (~g/1). Standard deviation and coefficient of variation are given for mmS/1 Coefficient Algae species /~g C/1 108 ~t 3 algae/ In Lauderia borealis the results are similar. It should be noted that, due to shortage in time, the experiment at 28 #g C/l was terminated already a~er 2 animals had reached adulthood and 21 individuals were still copepodites of stage V. Different food species at a concentration of 100/~g C/l, yielded different effects. With Skeletonema costatum as food the period from hatching to adulthood lasted 36 days; with Lauderia borealis 24 days; and with Gymnodinium splendens only 18 days. With Chaetoceros curvisetus only one experiment was carried out at 196 #g C/1. Table 2 shows the average food concentrations expressed in carbon units (g C/I) and volume units (if3/1).
M o r t a l i t y Table 3 shows the influence of different food concentrations and food quality on mortality during the entire development of Calanus helgolandicus from hatching to adulthood (each experiment began with an average of 80 nauplii). At 100 fig C/i, mortality was highest (33.9%) with Skeletonerna costatum; it was 13.5 % with Lauderia borealis; and 2.3 % with Gymnodinium splendens. The same tendency can be seen at 50 #g C/1. Mortality clearly increases with decreasing food concentration. Table 3 Influence of food concentration and food species on mortality rates (°/0) of
Calanus helgolandicus

Food
Skeletonema
Lauderia Gyrnnodiniurn concentration costatum borealis splendens
As mentioned earlier, the experiment at 28 #g C/1 with Lauderia borealis could not be finished; however, this has no influence on the mortality data (100 #g < 50 /~g < 28/~g C/l) because the value of 58.2 0/0 (Table 3) can only increase.
When raising Rhincalanus nasutus and CaIanus helgolandicus from egg to adulthood, MULLIN & BRooI~s (1968) showed that mortality was highest during the early stages (nauplii, copepodite stages I and II). Figure 3 illustrates the survival with Lauderia borealis as food although the point obtained at 28 #g C/l, as previously mentioned, consists only of measurements on 2 females. Thus, the 4 algal species used as food had an entirely different effect on the body length of female Calanus helgolandicus. While the S. costaturn-fed females attained, at approximately 100 /~g C/l, an average length of 3.11 mm, the L. borealis-fed females reached a length of 3.65 mm and those fed G. splendens 3.71 and 3.84 ram, respectively.
In order to allow comparison with these laboratory data, the lengths of females caught in the ocean during June and July 1969 have also been plotted in Figure 4 . Their average length is 3.81 mm which is close to the G. splendens and L. borealis values at 100/~g C/1. Table 4 shows that the 4 algae used as food exert a different effect on the sex ratio of Calanus helgolandicus. With Chaetoceros curvisetus no males appeared; with Skeletonerna costaturn the percentage of males was very low (although survival rates were high); with Gymnodiniurn splendens the percentages of males were 22.7 0/0 and 24.4 °/0, respectively (mortality 2.3 °/0). Another experiment with 356 nauplii yielded 301 females and 7 males (mortality 13.5 0/0) with a mixture of Chaetoceros curvisetus and Skeletonema eostatum (both algae together represented a concentration of approximately 600 #g C/l).
Sex ratio
All these results lead to the assumption that different food species cause different sex ratios and that food quality may be one of the major factors influencing sex ratio. This assumption requires verification; it is possible for example that the individuals which died would have become males, i. e., that selective mortality may have influenced the results presented here.
Fecundity and hatching rate
Additional experiments were undertaken to find out whether fertilization occurs under laboratory conditions. Between 5 and 15 males and 5 to 19 copepodites stage V were placed in a modified "planktonkreisel" (Gv, rvE 1968) filled with 20 liters of seawater. Lauderia borealis and Gymnodinium splendens were offered as food. In 4 cases fertilization was observed. Only 3 of the 4 females could be used for fecundity experiments because the fourth female had not been kept under controlled conditions. Five spermatophore-carrying females from the ocean and these three laboratory grown and fertilized females were each placed in 800 ml seawater (1000 mlbeaker) and fed Lauderia borealis at a concentration of approximately 400/zg C/1. All females began to lay eggs 1 to 2 days a~er fertilization. Egg laying continued throughout the observation period (Fig. 5) . Each beaker was checked every day to pick out the fertilized eggs deposited during the last 24 h. In most cases the eggs were laid in clusters on the beaker bottom; these clusters appeared not to be eaten by the females. Table 5 reveals that the average number of eggs fertilized under laboratory conditions is close to the average number per female in the ocean. The percentage of successful hatchings was slightly higher in laboratory spermatophored than in ocean spermatophored females. It appears that there is no striking difference in fecundity and hatching percentage between females cultivated in the laboratory and those in the ocean. Among the second generations produced by laboratory spermatophored females were many males. Unfortunately, these males were apparently unable to copulate and, therefore, no third generation was obtained. From many observations it appears that the condition of the males largely determines whether copulation occurs or not. It may be interesting in this connection to note that males which originated from Gyrnnodinium splendens-fed cultures were more active and more difficult to catch than those which originated from Skeletonema-fed cultures.
DISCUSSION
In order to critically assess our results we must take into account some para- Figure 2 , the period of did not exceed 50 #g C/l). STRICKLAND (1968) presented chlorophyll measurements in the Pacific Ocean using an in vivo fluorometer. He detected thin layers (2 to 3 m thi&ness) of high chlorophyll content (up to 10 #g/l) which were surrounded by Table 6 Feeding of Calanus helgolandicus copepodites stage V on three phytoplankton species (food concentration 100 #g C/l) s plendens (0.082--0.125) water masses with a far lower chlorophyll content. This finding proves again that phytoplankton is often distributed in layers or patches. It seems that Calanus helgolandicus which reach adulthood in the sea have spent most of their life in such dense layers or patches; it appears impossible that in the ocean females attain their rather large size at food concentrations of 10 #g to 50 #g C/1. In the dense phytoplankton layers, however, concentrations of 100 #g C/1 or more are frequently encountered.
Up to now few studies have been carried out on the fecundity of calanoid cope- Table 3 show that, at the same food concentration (100 pg C/l), different algae food may cause differences in (a) length of the period from hatching to adulthood, (b) mortality and (c) size of females. Does food quality or food quantity (amount of food ingested) cause these differences? Table 6 splendens, L. borealis, S. costatum. The carbon data seem more relevant since the amount of carbon per algae cell gives a better estimate of the plasma volume, and therefore, of the food amount consumed, than cell volume (STi~m:HMANN 1967) . The carbon amounts of G. splendens ingested are 3.4 times higher than those of S. costaturn; the amounts of L. borealis 2.8 times higher than those of S. costaturn. These data lead to the assumption that the different amounts of food (carbon) ingested cause the differences mentioned above (not the different food qualities).
According to ADAMS & STEELE (1966) Calanus stops feeding at a particulate organic carbon concentration of approximately 70 #g C/1. PARSONS et al. (1969) found that Calanus plurnchrus, Calanus pacificus and Pseudocalanus rninutus cease to feed at minimum phytoplankton concentrations between 50/~g and 190 /~g C/1.
In our experiments, Calanm helgolandicus copepodites graze both Lauderia borealis and Gyrnnodiniurn splendens down to 15-20 #g C/l, and Skeletonerna costaturn down to 30 #g C/1. Several explanations can be offered to account for these differences:
(1) The size of the food organism can affect the level at which feeding ceases.
(2) Different culture methods may yield different results. ADAMS & STEELE (1967) used for their grazing experiments container sizes ranging from 180 ml to 1000 ml. PARSONS et al. (1969) chose for their grazing experiments bottle sizes of 1000 ml. During our investigations jars were used which contained 7000 ml of seawater. It is assumed that beaker size influences the feeding behaviour and therefore the feeding intensity of planktonic copepods. In addition, in our experiments the algae were evenly distributed in the 7000 ml of seawater.
(3) The physiological condition of copepods taken from the sea may vary to a large extent. In our experiments, all individuals were reared under controlled conditions; almost all copepods were active and their antennae and setae undamaged.
(4) Adaptation to certain food concentrations previous to the grazing experiment may cause a feeding to cease at lower or higher food concentrations. The copepodites which grazed Lauderia borealis and Gyrnnodiniurn splendens down to 15-20/~g C/1 were kept throughout their life at average food concentrations of 50/~g and 100 #g C/l, respectively; these algal concentrations are frequently encountered in the Pacific Ocean off La Jolla.
From all data available it can be concluded that Calanus helgolandicus does not require a combination of several algal species to reach adulthood, but is able to develop from hatching to adulthood with low mortality rates when fed at natural concentrations exclusively on Chaetoceros curvisetus or Skeletonerna costaturn or Lauderia borealis or Gyrnnodiniurn splendens.
The factors which cause a 50 : 50 sex ratio remain unclear. I intend to pay special attention to the problem of environmental control of the sex ratio in Calanus helgolandicus in the near future. SUMMARY 1. Calanus helgolandicus was grown from egg to adult in agitated seawater cultures at 150 C in the laboratory.
